1. Introduction {#s0005}
===============

Sulfur and ammonia nitrogen mainly come from chemical fertilizers, processed meat, leather and other industry emissions of industrial waste water, and city life sewage and farmland irrigation and drainage ([@b0030], [@b0060], [@b0010]). Sulfur and ammonia nitrogen are rich nutrient pollutants, after entering water can cause algal blooms, cause eutrophication of water body, the spread of them will not only pollute the environment, destroy the ecological balance, but also harm human health through food chain channels, such as drinking-water toxicosis. Ecological effects of acid precipitation can be determined from the timing of changes in lake chemistry or acid-sensitive micro fossils and metallic pollutants in sediments. This is thought to be a result of a few factors: increased construction of large power plants and smelters with tall smokestacks coupled with a decrease in use of coal for home heating, converting the local air pollution problem into along-range, transboundary one; emissions of NO~x~ and other pollutants that aid in the oxidation of sulfur and nitrogen oxide have increased; and it took years for lakes, streams and their catchments to lose their buffering capabilities, so that lower pH levels were not recognized until sometime after the precipitation became acidic. Anthropogenic emissions are comparable to natural emissions on the global level, but regionally over 90% of sulfur deposited from the atmosphere is anthropogenic ([@b0135]).

Acticarbon can use almost any type of carbon materials, such as wood ([@b0155]), sawdust ([@b0195]), coal ([@b0005]), shells ([@b0015]), the stone of the fruit ([@b0040]), bagasse, oil waste, waste plastics ([@b0200]), paper and leather scrap ([@b0185]), waste tires and urban waste ([@b0145]). Acticarbon with highly developed porous structure and huge specific surface area ([@b0025]), good chemical stability and thermal stability, high mechanical strength and surface contains a variety of oxygen containing functional groups ([@b0180] and [@b0125]). What's more, acticarbon, which contained potassium, calcium and other minerals, could have adsorption and filtration of extractives, oil, other matters ([@b0095], [@b0100], [@b0105], [@b0110], [@b0090], [@b0085], [@b0170], [@b0165], [@b0080], [@b0085], [@b0055], [@b0190], [@b0130]). The fabric inhibited bacterial metabolism causing fewer allergic skin reactions than other fibers sterilized with antimicrobial agents. Because the trait was due to the highly porous structure of the bamboo fabric, it could absorb sulfur-based compounds, nitrogen-based compounds and so on ([@b0070], [@b0035], [@b0065], [@b0045], [@b0150], [@b0175], [@b0020]). In order to figure out the optimal adsorption condition and the intrinsic change of the acticarbon, five chemicals were adsorbed by acticarbon and were analyzed by FT-IR.

2. Materials and methods {#s0010}
========================

2.1. Materials {#s0015}
--------------

Acticarbon, Fe~2~(SO~4~)~3~, Na~2~SO~4~, Na~2~S~2~O~8~, S, and Na~2~SO~3~ were purchased from the market.

2.2. Methods {#s0020}
------------

The Fe~2~(SO~4~)~3~ powder was weighed in quantities of 5 g, 9 g, and 21 g . These powder and 4 g over dry acticarbon were put into beaker which equipped with 1000 ml water, respectively.It was stirred in a beaker for 20 min, 80 min and 120 min. The Na~2~SO~4~ powder was weighed in quantities of 11 g, 19 g, and 21 g. These powder and 4 g over dry acticarbon were put into beaker which equipped with 1000 ml water, respectively. It was stirred in a beaker for 20 min, 60 min and 120 min, respectively. The Na~2~S~2~O~8~ powder was weighed in quantities of 2 g, 11 g, and 15 g. These powder and 4 g over dry acticarbon were put into beaker which equipped with 1000 ml water, respectively. It was stirred in a beaker for 20 min, 80 min and 100 min. The S powder was weighed in quantities of 2 g, 19 g, 21 g. These powder and 4 g over dry acticarbon were put into beaker which equipped with 1000 ml water, respectively. It was stirred in a beaker for 20 min, 60 min and 100 min. The Na~2~SO~3~ powder was weighed in quantities of 2 g, 11 g, 21 g. These powders and 4 g over dry acticarbon were put into a beaker which contained 1000 ml water. It was stirred in a beaker for 20 min, 40 min and 100 min. Each acticarbon was removed, dried, and weighed.

FT-IR spectra. FT-IR spectra of the above samples were obtained using a Thermo Scientific Nicolet iN10 FT-IR microscope as previously ([@b0050], [@b0115], [@b0120], [@b0140], [@b0160], [@b0075].

3. Results and analysis {#s0025}
=======================

Based on the above test, the results of adsorption were obtained and listed in [Table 1](#t0005){ref-type="table"}.Table 1Adsorption results.SC (%)Fe~2~(SO~4~)~3~SC (%)Na~2~SO~4~SC (%)Na~2~S~2~O~8~SC (%)SSC (%)Na~2~SO~3~Stir time (min)Stir time (min)Stir time (min)Stir time (min)Stir time (min)208012020601202080100206010020401000.53.762.4911.11.250.752.510.20.51.791.030.27.754.524.730.202.741.750.91.7523.70.51.93.521.992.261.18.253.232.231.937.358.611.51.12.742.742.262.117.518.52.752.18.211.752.991.520.112.72.192.137.780.332.82.11.252.264.26[^1]

3.1. SC Effect {#s0030}
--------------

Based on [Table 1](#t0005){ref-type="table"}, when the concentrations of Fe~2~(SO~4~)~3~ were 5 g/1000 g, 9 g/1000 g, 21 g/1000 g, Fe~2~(SO~4~)~3~'s adsorption capacities were 3.76 g/100 g, 1.75 g/100 g, 1.75 g/100 g, 2.49 g/100 g, 23.7 g/100 g, 18.5 g/100 g, 1 g/100 g, 0.5 g/100 g, 2.75 g/100 g for stir times of 20 min, 80 min, 120 min, respectively. When the concentrations of Na~2~SO~4~ were 11 g/1000 g, 19 g/1000 g, 21 g/1000 g, Na~2~SO~4~'s adsorption capacities were 1.25 g/100 g, 3.52 g/100 g, 8.21 g/100 g, 0.75 g/100 g, 1.99 g/100 g, 1.75 g/100 g, 2.51 g/100 g, 2.26 g/100 g, 2.99 g/100 g for the stir time of 20 min, 60 min, 120 min, respectively. When the concentrations of Na~2~S~2~O~8~ were 2 g/1000 g, 11 g/1000 g, 15 g/1000 g, Na~2~S~2~O~8~'s adsorption capacities were 0.5 g/100 g, 8.25 g/100 g, 20.1 g/100 g, 1.79 g/100 g, 3.23 g/100 g, 12.7 g/100 g, 1.03 g/100 g, 2.23 g/100 g, 2.19 g/100 g for the stir time of 20 min, 80 min, 100 min, respectively. When the concentrations of S were 2 g/1000 g, 19 g/1000 g, 21 g/1000 g, S's adsorption capacities were 7.75 g/100 g, 37.3 g/100 g, 37.7 g/100 g, 4.52 g/100 g, 58.6 g/100 g, 80.3 g/100 g, 4.73 g/100 g, 11.5 g/100 g, 32.8 g/100 g for the stir time of 20 min, 60 min, 100 min, respectively. When the concentrations of Na~2~SO~3~ were 2 g/1000 g, 11 g/1000 g, 21 g/1000 g, Na~2~SO~3~'s adsorption capacities were 0 g/100 g, 2.74 g/100 g, 1.25 g/100 g, 2.74 g/100 g, 2.74 g/100 g, 2.26 g/100 g, 1.75 g/100 g, 2.26 g/100 g, 4.26 g/100 g for the stir time of 20 min, 40 min, 100 min, respectively. It showed that adsorption capacity changed at regularity difference. It might be because rapid stirring lead to a small amount of chemical medicine that was adsorbed by the acticarbon. The Fe~2~(SO~4~)~3~'s optimal adsorption condition were the concentration was 9 g/1000 g and stir 80 min, the Na~2~SO~4~'s optimal adsorption condition was the concentration of 21 g/1000 g and stir time of 20 min, the Na~2~S~2~O~8~'s optimal adsorption condition was the concentration of 15 g/1000 g and stir time of 20 min, the S's optimal adsorption condition was the concentration of 21 g/1000 g and stir time of 60 min and the Na~2~SO~3~'s optimal adsorption condition was the concentration of 21 g/1000 g and stir time of 100 min.

3.2. FT-IR analysis {#s0035}
-------------------

FT-IR spectra were recorded to investigate the functional groups of acticarbon during adsorption of Fe~2~(SO~4~)~3~, Na~2~SO~4~, Na~2~S~2~O~8~, S, and Na~2~SO~3~.

Spectra of the samples were shown in [Figure 1](#f0005){ref-type="fig"}, [Figure 2](#f0010){ref-type="fig"}, [Figure 3](#f0015){ref-type="fig"}, [Figure 4](#f0020){ref-type="fig"}, [Figure 5](#f0025){ref-type="fig"}. In the spectrum of adsorption, the S-S stretch, H~2~O stretch, O---H stretch, ---C---H stretch, CO or CC stretch, CH~2~ bend, C---H, were observed at 3850 cm^−1^, 3740 cm^−1^, 3435 cm^−1^, 2925 cm^−1^, 1630 cm^−1^, 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^, respectively (listed in [Table 2](#t0010){ref-type="table"}). For FT-IR spectra of Fe~2~(SO~4~)~3~, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^, 2925 cm^−1^ achieved the maximum for 20 min and the concentration was 9 g/1000 g, the transmissivity of the peaks at 3435 cm^−1^, 600 cm^−1^ achieved the maximum for 120 min and the concentration was 5 g/1000 g, the transmissivity of the peaks at 1630 cm^−1^ achieved the maximum for 120 min and the concentration was 21 g/1000 g, the transmissivity of the peaks at 1390 cm^−1^, 1115 cm^−1^ achieved the maximum for 120 min and the concentration was 9 g/1000 g.Figure 1FT-IR spectra of acticarbon during adsorption of Fe~2~(SO~4~)~3~ solution.Figure 2FT-IR spectra of acticarbon during adsorption of Na~2~SO~4~ solution.Figure 3FT-IR spectra of acticarbon during adsorption of Na~2~S~2~O~8~ solution.Figure 4FT-IR spectra of acticarbon during adsorption of S solution.Figure 5FT-IR spectra of acticarbon during adsorption of Na~2~SO~3~ solution.Table 2Groups of acticarbon during adsorption of Fe~2~(SO~4~)~3~, Na~2~SO~4~, Na~2~S~2~O~8~, S and Na~2~SO~3~ (%).KindPeak (cm^−1^)Adsorption time (min)/concentration (%)Group20/0.520/0.920/2.180/0.580/0.980/2.1120/0.5120/0.9120/2.1Fe~2~(SO~4~)~3~60088.289.183.583.490.990.095.394.290.2C---H111586.888.282.580.188.889.592.292.689.9C---O stretch139087.189.584.283.488.890.091.291.990.5CH~2~ bend163084.784.282.082.686.186.686.887.287.3CO or CC292588.889.588.688.288.888.687.988.889.0---C---H stretch343576.173.474.672.676.477.479.173.576.4O---H stretch374088.190.689.888.388.289.689.988.989.7H~2~O385088.190.689.788.288.390.290.089.590.1S-S stretch  Na~2~SO~4~Peak (cm^−1^)20/1.120/1.920/2.160/1.160/1.960/2.1120/1.1120/1.9120/2.1Group60085.886.187.583.983.284.286.585.590.1C---H111584.584.785.681.383.680.284.482.888.1C---O stretch139085.786.287.583.286.083.086.284.488.7CH~2~ bend163083.984.185.882.684.082.785.482.486.1CO or CC292588.388.589.187.886.987.288.787.489.2---C---H stretch343575.574.676.876.175.275.677.471.876.8O---H stretch374088.588.189.087.989.587.989.287.988.5H~2~O385088.488.188.787.989.888.088.888.088.4S-S stretch  Na~2~S~2~O~8~Peak (cm^−1^)20/0.220/1.120/1.580/0.280/1.180/1.5100/0.2100/1.1100/1.5Group60090.373.490.494.084.185.186.387.689.2C---H111589.673.689.092.079.784.286.988.486.8C---O stretch139089.973.890.091.983.285.987.889.388.7CH~2~ bend163086.970.986.586.182.785.383.485.986.2CO or CC292588.671.488.987.787.888.887.388.887.9---C---H stretch343577.360.976.471.674.779.272.473.975.9O---H stretch374088.670.789.589.887.788.889.589.289.4H~2~O385089.571.090.190.287.788.789.789.989.9S-S stretch  SPeak (cm^−1^)20/0.220/1.920/2.160/0.260/1.960/2.1100/0.2100/1.9100/2.1Group60085.990.887.589.286.883.589.386.384.9C---H111586.190.888.688.385.782.589.088.886.9C---O stretch139087.690.689.589.286.984.289.889.788.2CH~2~ bend163086.786.886.787.585.682.086.685.987.1CO or CC292589.788.691.190.488.788.688.892.392.0---C---H stretch343580.575.077.280.678.174.674.874.281.4O---H stretch374090.189.290.190.189.489.889.490.890.6H~2~O385089.889.989.889.990.089.790.090.590.4S-S stretch  Na~2~SO~3~Peak (cm^−1^)20/0.220/1.120/2.140/0.240/1.140/2.1100/0.2100/1.1100/2.1Group60087.683.889.587.682.088.189.688.988.9C---H111586.480.886.787.478.787.589.786.187.4C---O stretch139087.283.988.788.180.788.090.088.488.8CH~2~ bend163086.283.086.185.680.585.686.686.886.4CO or CC292589.588.089.289.287.389.188.887.989.6---C---H stretch343580.075.676.476.173.776.375.476.877.6O---H stretch374089.288.588.488.987.789.089.189.488.3H~2~O385088.988.688.588.787.888.889.990.188.4S-S stretch

For FT-IR spectra of Na~2~SO~4~, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^, achieved the maximum for 60 min and the concentration was 11 g/1000 g, the transmissivity of the peaks at 3435 cm^−1^ achieved the maximum for 120 min and the concentration was 11 g/1000 g, the transmissivity of the peaks at 2925 cm^−1^, 1630 cm^−1^, 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^ achieved the maximum for 120 min and the concentration was 21 g/1000 g.

For FT-IR spectra of Na~2~S~2~O~8~, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^, 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^, achieved the maximum for 80 min and the concentration was 2 g/1000 g, the transmissivity of the peaks at 3435 cm^−1^ achieved the maximum for 80 min and the concentration was 15 g/1000 g, the transmissivity of the peaks at 2925 cm^−1^ achieved the maximum for 20 min and the concentration was 15 g/1000 g, the transmissivity of the peaks at 1630 cm^−1^ achieved the maximum for 20 min and the concentration was 2 g/1000 g.

For FT-IR spectra of S, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^, 2925 cm^−1^ achieved the maximum for 100 min and the concentration was 19 g/1000 g, the transmissivity of the peaks at 3435 cm^−1^ achieved the maximum for 100 min and the concentration was 21 g/1000 g, the transmissivity of the peaks at 1630 cm^−1^ achieved the maximum for 60 min and the concentration was 2 g/1000 g, the transmissivity of the peaks at 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^ achieved the maximum for 20 min and the concentration was 19 g/1000 g.

For FT-IR spectra of Na~2~SO~3~, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^ achieved the maximum for 100 min and the concentration was 11 g/1000 g, the transmissivity of the peaks at 3435 cm^−1^ achieved the maximum for 20 min and the concentration was 2 g/1000 g, the transmissivity of the peaks at 2925 cm^−1^ achieved the maximum for 100 min and the concentration was 21 g/1000 g, the transmissivity of the peaks at 1630 cm^−1^1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^ achieved the maximum for 100 min and the concentration was 2 g/1000 g.

4. Conclusion {#s0040}
=============

As we can see from the above methods, Fe~2~(SO~4~)~3~'s, Na~2~SO~4~'s, Na~2~S~2~O~8~'s, S's, and Na~2~SO~3~'s adsorption capacity were different for several stir times and several concentrations, respectively. The Fe~2~(SO~4~)~3~'s optimal adsorption condition was the concentration was 9 g/1000 g and stir time of 80 min, the Na~2~SO~4~'s optimal adsorption condition was the concentration was 21 g/1000 g and stir 20 min, the Na~2~S~2~O~8~'s optimal adsorption condition was the concentration of 15 g/1000 g and stir time of 20 min, the S's optimal adsorption condition was the concentration was 21 g/1000 g and stir time of 60 min and the Na~2~SO~3~'s optimal adsorption condition were the concentration of 21 g/1000 g and stir time of 100 min.

FT-IR spectra showed that acticarbon had the eight characteristic absorption band. And the S-S stretch, H~2~O stretch, O---H stretch, ---C---H stretch, CO or CC stretch, CH~2~ bend, C---H, were observed at 3850 cm^−1^, 3740 cm^−1^, 3435 cm^−1^, 2925 cm^−1^, 1630 cm^−1^, 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^, respectively. For FT-IR spectra of Fe~2~(SO~4~)~3~, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^, 2925 cm^−1^ achieved the maximum for 20 min and the concentration was 9 g/1000 g. For FT-IR spectra of Na~2~SO~4~, the transmissivity of the peaks at 2925 cm^−1^, 1630 cm^−1^, 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^ achieved the maximum for 120 min and the concentration was 21 g/1000 g. For FT-IR spectra of Na~2~S~2~O~8~, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^, 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^, achieved the maximum for 80 min and the concentration was 2 g/1000 g. For FT-IR spectra of S, the transmissivity of the peaks at 3850 cm^−1^, 3740 cm^−1^, 2925 cm^−1^ achieved the maximum for 100 min and the concentration was 19 g/1000 g, the transmissivity of the peaks at 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^ achieved the maximum for 20 min and the concentration was 19 g/1000 g. For FT-IR spectra of Na~2~SO~3~, the transmissivity of the peaks at 1630 cm^−1^, 1390 cm^−1^, 1115 cm^−1^, 600 cm^−1^ achieved the maximum for 100 min and the concentration was 2 g/1000 g. In these states, the number of the transmissivity of the maximum peaks is the largest.

This work was financially supported by the National 948 Plan (2014-4-38).

Peer review under responsibility of King Saud University.

[^1]: Note: SC -- Concentration of sulfur solution.
